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1) Introduction 

I t  has been c l ea r ly  established during the last decade tha t  the 

overa l l  f a t igue  l i f e  of a s t ruc tu re  may be represented by three a i s t i n c t  

ghases: crack i n i t i a t i o n ,  crack g ropga t ion ,  and f i n a l  f a i lu re .  

F ina l  f a i l u r e ,  although extremely important s ince i t  represents 

the ult imate collapse of the  s t ructure ,  normally occurs i n  one o r  two 

a9pl ica t ions  of the a-oplied loads. Thus the l a rges t  por t ion  of a s t r u c t u r e ' s  

f a t igue  l i f e  i s  snent i n  the crack i n i t i a t i o n  and crack propagation 

?bases. This allows one t o  consider without any loss of general i ty  the 

overa l l  f a t igue  l i f e  of a s t ruc tu re  as being co%osed of the crack 

i n i t i a t i o n  and crack propagation phases. 

I n  very bulky s t ruc tures  where severe s t r e s s  concentrations a r e  

not present the  crack i n i t i a t i o n  phase, i n  general, o c c q i e s  the l a rges t  

por t ion  of f a t igue  l i f e .  A s  a re su l t  of the  cyc l ic  nature of the applied 

loads cyc l i c  s l i?  occurs i n  the  s t ructure .  T h i s  cyc l ic  s l i p  causes 

s m a l l  microcracks t o  form. Since the type s t ruc ture  being considered 

precludes severe s t r e s s  concentrations there  a r e  not any p re fe ren t i a l  

loca t ions  f o r  these microcracks t o  form. Thus a large number of randomly 

loca ted  microcracks tend t o  form within the same re l a t ive  period of time. 

3y the  time these microcracks coalesce t o  form one o r  more macrocracks 

the  remaining por t ion  of f a t igue  l i f e  i s  comparatively short. I n  t h i s  

type of s t ruc ture ,  due t o  the generally complex nature of the in t e rac t ion  

between the s t ruc tu re ' s  geometry, the crack geometry, and the agplied 

loads,  the designer i s  forced t o  re ly  on S-N type s tudies  and a l l  of 

t h e i r  ramifications. 

S t ruc tures  whose elements a r e  y i m a r i l y  composed of th in  Blates  and 

s h e l l s  exhib i t  a d i f f e r e n t  d i s t r ibu t ion  of time between the crack 
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initiation 2nd crack propagation phases than that found for bulky 

structures. In these structures macrocracks are found to be ?resent very 

early in the structure's fatigue life. Although many macrocracks 

initially form, one dominant through crack normally emerges within a 

relatively short period of time. Thus it is reasonable to assume that 

the major portion of fatigue life for this type of structure is spent 

in propagating the dominant crack to some critical length at which time 

final failure of the structure occurs. 

In thin plate and shell structures, usually the main comFonent of 

loading is that which gives rise to meridional stresses. Hence, justifiably, 

the studies to date dealing with fatigue crack growth in thin plates have 

been confined to a wide plate with a central crack under repeated symmetric 

uniaxial loading (e.g., [i] through [ld ) . In spite of some ambitious 
attempts to account for all of the possible causes of fatigue crack 

propagation (e. g., [ll] ) , the more reasonable explanations (e. g o ,  n21) 

are still Dartial and qualitative. The more general approaches only 

indicate the overwhelming comglexity of the problem. 

From the designers point of view, since the variables available to 

I-:... --- L, i i ~ u  ai t: crie iiiaciiariicai gi'operiies of the i i i~te15~1,  the  g e ~ m ~ t ~ j - ,  aiid 

external loads, it is quite natuml to look for a continunm model to 

describe crack propagation. The problem of a through crack in a plate o r  

shell structure also lends itself to simplification when compared to 

bulky structure. In thin plate and shell structures the problem may be 

idealized as being two dimensional. This simplification a l lows  the 

stresses and strains in the structure to be estimated very easily in 

terms of continuum parameters whereas the problems encountered in 

bulky structures are in general intractable. The fact that in some 
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materials, notably i n  aluminum-co9per a l loys ,  crack extension occurs i n  

every cycle [12], lends f u r t h e r  c red ib i l i t y  t o  t r e a t i n g  crack propagation 

as a continuous ohenomenon. Thus nuiierous continuum models have been 

9roposed f o r  crack proFagation i n  thin sheets,  each with i t s  own 

eqe r imen ta l  j u s t i f i c a t i o n .  

I n  some sheet-stringer s t ructures  i n  addi t ion  t o  meridional loads, 

the  t h i n  sheets  a r e  subjected t o  bending. I n  a recent  -paper,Erdogan 

and Roberts [l3] showed tha t  crack propagation i n  t h i n  p l a t e s  subjected 

t o  cy l indr ica l  bending could be predicted quani ta t ive ly  using a continuum 

mechanics approach. The materials used i n  t h i s  study were 2024-T3 and 

7075-T6 aluminum a l loys  of three thicknesses f o r  each material. The tyLe 

of bending loads employed were completely reversed thus producing a zero 

mean s t r e s s  i n  the p la tes .  The purpose of t h i s  study i s  t o  present f u r t h e r  

experimental evidence i n  supsort of t h e i r  model f o r  the 2OZkT3 aluminum 

and extend the model t o  s i t ua t ions  where the mean s t r e s s  i s  not zero. 

The study a l s o  c r i t i c a l l y  evaluates the work of Schijve c14 concerning 

the e f f e c t  of mean s t r e s s  on crack propagation i n  t h i n  p l a t e s  subjected 

t o  un iax ia l  tension. 

2 )  Theoretical  Considerations 

In  a recent 9aTer bs the model of crack proi3agation ?roTosed by 

Schijve Ll2] w a s  used as a bas is  f o r  making a r a t iona l  comprison 

between crack pronagation - .. caused by extensional loads and crack 

prosagation caused by bending loads. Without going i n t o  the d e t a i l s ,  

Schi jve ls  model, wliich assumed t h a t  crack extension i s  a geometric 

consequence of d i s loca t ion  movements, may be wr i t ten  as 
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& =  ymb An 

where a is the half crack length, n is the number of cycles, m is the 

total number of moving dislocations which could possibly contribute to 

crack extension, b is the magnitude of the Burgers vector, and the 

coefficient p 

locations effectively contributing to the crack extension (0 <$o < 1) 
represents the fraction of the total number of dis- 

At this point, in order to relate the quantities 9 and m to some 

continuum parameter, it was argued 1131 that m would be primarily 

composed of the dislocations concentrated in the plastic zone at the 

crack tip and that this could be related to a characteristic length of 

the plastic zone, P. Although it was not used at the time, it was 

further argued for situations where a non-zero mean stress occurred 

that the quantity rn would be best described in terms of the maximum 

value of the resresentive length P or P max. Thus m may be functionally 

expressed as: 

m = f  (P ) 1 -  

In relating the quantity to a continuum parameter it was reasoned 

that 9 would be pro2ortional to the cyclic range of the plastic strains 

in the plastic zone since stress has very little meaning in this region 

and that the Dlastic strains would be a better measure of the severity 

of the forces compelling the dislocations to move. Again the plastic 

strains at the crack tiu may be related to the characteristic length P 

and the strain range to 

function of A F :  

4 P. Therefore may be assumed to be a 

4 = fl( A?> 
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The only thing tha t  may be said a5out the funct ions f l  and f 2  i s  

t h a t  they should be smooth monotonically increasing functions and vanish 

f o r  = 0 and A P = 0 respectively. Therefore within a given range 

of P mx and A P  one may a-pnroximte the functions f l  and f2  as 

where A1, A2, al and a2 a r e  pos i t i ve  constants. Combining the constants 

and, over the appro2riate ranges of Pmax and A P, considering the 

growth as a continuous process, (1) may be wr i t ten  as 

A s  pointed out  i n  the o r ig ina l  work El31 equation (5) is  not an 

a t t e q t  t o  produce an  a l l  encompassing l a w  of crack growth o r  t o  even 

add another "power l a w "  of crack wopagation to  those already exis t ing-  

I n  general the functions fl and f w i l l  vary from material  t o  material. 2 

I t  is  f u r t h e r  eGected tha t  even f o r  the same mater ia l  -41, A2, a1 and a2 

w i l l  vary de-oending - u-oon the operzting ranges of Pm and A P. 

IY the representat ive length, P, i s  taken as the dimension of the 

F l a s t i c  zone a long  the p r o l o n e t i o n  of the crack, i t  may be estimated i n  

various ways. The estimate given by Dugdale [lg a;>?ears t o  be f a i r l y  

r e a l i s t i c  and seems t o  agree with the ava i lab le  data. The estimate i s  

based on the removal of the  s t r e s s  s ingular i ty  a t  the crack t i p  by 

introducing a r i g i d  . i l a s t i c  s t r i p  and, f o r  a wide ? l a t e  uncier -?lane 

s t r e s s ,  i s  f o m i  t o  be 

where a i s  the half  crack length, 0- the  applied s t r e s s ,  and Cry the  
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yie ld  s t r e s s .  Dugdale’s technique has been used by Rosenfield, D a i ,  and 

Hahn C161 t o  solve more complex problems with great  success. Roberts 1171 

has a l s o  used t h i s  type of ana lys i s  for  determining the p l a s t i c  zone s i z e  

f o r  a t h i n  p l a t e  subjected t o  cy l indr ica l  bending leading t o  

P =  s e c - - l a  E; ] 
where Tb i s  the surface s t r e s s  i n  the p l a t e  a grea t  dis tance f r o m  the 

crack. Equations (6) and (7) may be approximated f o r  small values of the  

r a t i o s  (“/CY, and ( m b / c y )  as 

and 

where K = C i - 6  i s  the s t r e s s  i n t ens i ty  f a c t o r  f o r  tension and Rj,  = rb 6 
the s t r e s s  i n t e n s i t y  f a c t o r  f o r  bending. Equations ( 6 ~ )  and (7d) pred ic t  

f o r  small values of the r a t i o  of the  remotely a>plied s t r e s s  t o  the  y i e ld  

s t r e s s  t h a t  the p l a s t i c  - zones f o r  tension and bending a r e  both proportional 

t o  the square of the  s t r e s s  i n t ens i ty  fac tor .  

Rice r18J i n  a f a i r l y  exhzustive survey a r t i c l e  of h i s  work and the  

work of others  showed tha t  f o r  small sca le  y ie ld ing  the  p l a s t i c  zone 

could be  q u i t e  r e a l i s t i c a l l y  represented by the s t r e s s  i n t ens i ty  f a c t o r  

f o r  (“/“y, l e s s  than 0.4. He fur ther  found tha t  the change i n  the 

p l a s t i c  zone s i z e  due t o  the cyc l ic  nature of the load could be r e l a t ed  

t o  the  range value of the s t r e s s  i n t ens i ty  f ac to r ,  A K,for values of 

c/o-y l e s s  than 0.8, where AK is  defined as (Kmx - Kmin)/2. Rice 

argued tha t ,  s ince a cyc l ic  load may be characterized by i t s  maximum 
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and range values, the planar geometry of the cracked body and the external 

loads are sensed at the crack tip for small scale yielding only through 

and AK. This led him to proFose a functional form for a model of KllBX 

crack propagation as 

- _  da - f3( AK, K& 
dn 

In view of Rice's findings one may write equations (4) as 

- < 0.8 a4 fz( A P) = A4( AK) 
C Y  

if P and A P are assumed to be proportional to some power of K and max 

A 9  respectively. Using equations ( 9 )  and (5) one obtains 

If KmX is replaced by Km + Ka where K, equals (Kmx + Kmin) / 2  and 

fl defined as p = &/Ka equation (10) can be written as 

To examine the difference between crack propagation in tension and 

bending equations (6A) and ('?A) may be substituted into equation (5) 

giving 
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(in tension) ( 13) 

(in bending) ( 14) 

'LIP Because of the similarity of fracture modes if we assume that A6 = 

a,. = ulb and a2 = a2b' by combining the constants (13) and (14) m y  be 

written as 

where the limitation G / C  <0.4 is implied in equations (12) through 
Y 

(16) 

3) merimental Results 

The test specimens consisted of Z O 2 L T 3  bare and clad commercial 

aluminum alloys. Triangular specimens cut from 12" x 18" plates were 

used. In the plane of the crack the plate width was.8.625I1. The length 

of the artificial cut (consisting of 0.O4lt diameter hole, O . O l 5 "  wide 

saw cut and a tap with a razor blade) was approximately 0.2 ' I .  Before 

putting the cut in, strain gages placed at various locations indicated 

that in the central trapezoidal portion of the cantilever plates the 

strains were constant within 3. The testing machine was a constant 
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displacement type running at 140 CPM. The machine was adjustable so 

that either a fully reversed displacement (e.g., zero mean stress) or a 

non-symmetric displacement (e.g., non zero mean stress) could be obtained. 

Static deflection tests with dead weights performed at various crack 

lengths showed that the stiffness of the plate and the strains away from 

the crack remained constant within a few percent up to plate width-to- 

crack length ratio, (b/a) = 5. For larger crack lengths the bulging 

around the crack became significant enough to cause a reduction in the 

stiffness. Thus all tests were stopped at about 1.8 in. crack lengths. 

The measurement of the tip-to-tip crack length was started after a 

natural fatigue crack was formed and extended approximately 0.01 in. 

at each tip which roughly corresponds to the depth of the triangular 

notch put by the r a z o r  blade. The crack length was measured by a fifty 

power traveling microscope by stopping the test on the peak of the tension 

cycle. The sensitivity of the microscope (2 in) is found to be 

higher than the accuracy within which the "crack tip" could be defined. 

The indefiniteness of the detection of the crack tip was partly due to 

the surface roughening in clad sDecimens. In the bare specimens there 

was no surface roughening, however some contratktion in thichess at the 

crack tips was observable. 

The results of the present bending tests for 8 = 0 and various 

stress amplitudes are shown in Figure 1. The results for 13 = 1 are 

shown in Figure 2, 3 being defined for the side of the ?late having the 

largest tensile stress during the cycle. In the present study the tests 

at 3 = 1 were conducted by giving the tests snecimens a one sided 

deflection (e. g., zero to a maximum deflection). The comparable results 

for plane extensional loading and 8 = 0 are s h o ~ m  in Figure 3 [A  . 
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Figures 4, 5 and 6 show some of the r e su l t s  f o r  the individual p l a t e  

t h i chesses .  The s c a t t e r  bands covering 95 percent of the t o t a l  

population f o r  a l e a s t  square s t r a igh t  l i n e  f i t  and f o r  2(al  + a2) = 4 

a re  a l s o  shown i n  the Figures 4 through 6. 

The values obtained f o r  B, and 2(al + a ) f o r  B = 0 and p = 1 

a r e  given i n  tabular form i n  Table I. For  the sake of completeness the 

or ig ina l  values given i n  reference [l3] a r e  a l s o  included. I t  should be 

pointed out  t ha t  the B values f o r  p = 0 i n  reference [lj were f o r  

d(2a)/dn but were reported as being f o r  da/dn. These values have been 

corrected and a r e  now correct  f o r  da/dn. Table I1 and I11 gives the 

values of  B, al, and a2 obtained from Broek and Schi jvefs  data I14 f o r  

various values of p.  

2 

> .  

4) Discussion 

Before discussing the r e su l t s  of the bending t e s t s  f o r  p = 0 and 

fl = 1 a deta i led  examination w i l l  be made of the r e s u l t s  given by Broek 

and Schijve f o r  plane extension C141. 

3roek and Schijve i n  t h e i r  study of mean s t r e s s  ran very carefu l ly  

control led t e s t s  where they varied iht: vaiiies iif mean s t l e s s  EL=& stress 

amplitude i n  th in  (0.08 in) p la tes  subjected t o  uniaxial tension. The 

mater ia ls  studied were 2Wk-T3 and 7075-T6 bare aluminum alloys.  The 

values df Cm and Ca, the mean and amplitude s t r e s ses  respectively 

a r e  given i n  Table 11 and 111. Um i s  defined as (r- i CTmin)/2 and 

ma as (C- - Can)/2.  Since the maximum s t r e s s  i n  a l l  of Broek and 

Sch i jve f s  t e s t s  on the 2024-T’j and 7075-T6 aluminum al loys never exceded 

one ha l f  of the yield s t r e s s ,  one would emect  tha t  the s t r e s s  i n t ens i ty  

f a c t o r  should be the simplest s ing le  var iable  f o r  representing the 
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external loading and the geometry. With t h i s  i n  mind an  equation of the 

f om 

was f i t t e d  t o  the da t a  i n  reference [14]. To account f o r  the f i n i t e  s i z e  

of the t e s t  specimens the very precise correction f a c t o r  f o r  the s t r e s s  

i n t ens i ty  f a c t o r  given by I s ida  [19] was used. 

I n  performing the s t a t i s t i c a l  f i t  t o  Broek and Schijvels data  the 

value o f  p w a s  f ixed and AK w a s  the independent variable. Thus values 

of 2(al + a,) and B ( l  + p) 

seen tha t  the value of  2(al + a2) i s  n o t  i n  general a constant f o r  

d i f f e ren t  values of p. Table I1 and 111, along with the values of B, 

al 
were obtained. From Tables I1 and I11 i t  is 

al and a*, gives the value of t , the cor re la t ion  coefficient.  The f a c t  

t ha t  t h i s  value i s  s o  close t o  un i ty  implies t ha t  the assumption of the 

crack growth r a t e  being pronortional t o  some power o f  A K  is Well 

j u s t i f i e d .  For the  2OZb-T3 material  the values of 2(al +a,) ranged 

between 4.15 and 3.05 w i t h  a n  average value of 3.62. For  the 7075-T6 

material  the values of 2(al + a,) ranged between 4-30, and 3.4 with an 

average value of 3.90. I t  should'be pointed out tha t  the values of  

2(al + a,), the slope of the da/dn versus K l i n e  on a log-log p lo t ,  

is  independent of the choice '(masr o r  

s ince Kmx and A K a r e  re la ted as follows: 

A K  f o r  the independent var iable  

AK = (E- - Kinin) / 2  

and def ining as 



equation (12) can be wr i t ten  as 

a t u  3 4  
dn 2 

!bus the same slope w i l l  be obtained independently of the choice o f  

o r  A K  s ince p and 8 a r e  constants f o r  t e s t s  run by Broek and Kmax 

Schi jve. 

A t  the end o f  t h e i r  paper Broek and Schijve recommend an equation 

of the f o r m  

where C1 and C2 are constants, w the  half p l a t e  width and B = C an/ C-* 
This equation was deduced by v isua l ly  ca l l i ng  the  s lope of the da/dn 

versus Kmx p la t e s  as being equal t o  three and using this to  obtain the 

remaining functional form of the equation. I t  has j u s t  been shown that 

the slope w i l l  be independent of the choice between & and A K and 

t h a t  the slope f o r  A K  w a s  not, i n  general, equal t o  three. Thus i t  i s  

believed tha t  the equation to  be derived now w i l l  not o n l y  be a simpler 

one t o  use but a b e t t e r  approximation of crack growth r a t e s  over the 

range of da ta  given by Broek and Schijve. 

A t  t h i s  point,  based on the values of 2(al + a2) it is obvious t h a t  

there  i s  no simple power funct ion which w i l l  describe the  crack growth 

r a t e  f o r  d i f f e ren t  values o f  13. However, i f  the average value o f  

2(a + a ) i s  used t o  agproximate the slope of a l l  of the data, some 1 2 

valuable information can be obtained about the influence o f  p on the 

crack growth rate.  Fixing the value of 2(al + a2) f o r  the 2O2kT3 a t  

3.62 and the value o f  2(al + a,) f o r  the 7075-T6 a t  3.90 values of 

B(l + were obtained. These values a r e  given i n  Tables I1 and 111. 
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Values f o r  3(1 + 
of comparison with already ex is t ing  data. 

Now by taking the values of  B( l  + @) 

were a l so  obtained f o r  2(al + a2) = 4 as a means 

&l 
and glot ' t ing them as  a 

log-log p lo t  i t  w a s  found tha t  a l l  of the points f e l l  on a r e l a t ive ly  

s t r a igh t  l i n e  (Fig. 7 and 8). B y  s t a t i s t i c a l l y  f i t t i n g  a straight l i n e  

t o  the points  values of B and a3tl were obtained. These a r e  given i n  

Tables I1 and 111. The correlat ion coeff ic ient  f o r  these l ines  although 

n o t  given were a l s o  very near unity. 

Thus, f o r  f l uc tua t ing  tension, the following equations a re  put 

forward as bes t  representing Broek and Schi jvels  da ta  over the whole 

range of p. 

3s62 (202bT3) (19) - = 2.68 x 10 (1 + AK) dn 
da -19 

da - dn = 6.22 x 10'20(1 + @)1*78( A @3*90 

As a means o f  checking t h i s  type of functional 

source of data  the r e su l t s  of reference [71 were used. Since t h i s  data  

??zs evz>ated a t  2 f m -  + E = 4 and  8 = 0. the values of B f o r  

2(al + u2) = 4 from Tables I1 and 111 shoulci compare with the values i n  

Tables I. For the ZO2bT3 material the B value obtained from Broek and 

Schi jvels  data  is  8.7 x 

6.0 x This i s  closer  than one would normally hope f o r  i n  t h i s  type 

of work. For  the 7075-T6, Broek and Schijvels data  gives B = 2-95 x 10- 

while the data  from reference 7 gives B = 6.5 x This  apparent 

discrepancy here i s  predictable.  For the 2O2bT3 aluminum the material 

p roper t ies  were a l m o s t  ident ica l  i n  both s tudies  while f o r  the 7075-T6 

'-1 2' 

while the data  from reference [a gives 

20 



material, although the yields  were similar i n  value, the material  used 

by Broek and Schijve w a s  l e s s  duc t i le  by about 30 percent. Thus i t  i s  

expected t h a t  Broek and Schijvels material would exhibi t  a h i& r a t e  of 

crack growth at similar A K and p levels.  

I n  the paper by Erdogan and Roberts [13] i t  w a s  a l s o  observed tha t  

there w a s  no s ingle  value of 2(% + a,) which would represent a l l  of 

the data obtained f o r  cyl indrical  bending. I n  order t o  make a comparison 

of crack propagation r a t e s  due t o  extension and bending they used a value 

of  2 ( ~  + a,) = 4. Since a great  deal  of data has already been obtained 

for plane extension i t  would be a great help t o  be ab le  t o  pred ic t  

crack growth r a t e s  due t o  bending loads f rom the ex is t ing  extensional 

data. Thus an experimentally determined quanity vas defined so t ha t  

when p = 0 

where the subscript  t and b referes  t o  tension and bending respectively. 

Writing equations (15) and (16) f o r  p = 0 as 

it  i s  seen tha t  the theoret ical  value of 

0.5. The experimental values of 3 f r o m  the present study f o r  two 

thicknesses of the 2021C-T3 a l loy  a9pear i n  Table I along with the 

or ig ina l  values found i n  C131. 

The agreement seems t o  be f a i r l y  good implying tha t ,  i n  the 

absence of eqer imenta l  data, f o r  a quick estimate of crack growth 

r a t e  i n  p l a t e s  under cy l indr ica l  bending f o r  fl = 0 one may use the 

extension da ta  f o r  B = o by merely renlacing K by Kb/2. Select ing a 

which appears i n  (21) is 
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value f o r  2(a + a ) other than 4, the present da ta  indicates  t ha t ,  

f o r  the same s t r e s s  i n t ens i ty  f a c t o r  i n  extension and bending of  t h i n  

p la tes ,  the r e l a t ion  

1 2 

is  aFproximately va l id  and may be used t o  estimate the crack growth 

rate i n  bending. Thus the r e su l t s  of reference [13] and the present 

r e s u l t s  f o r  @ = 0 indicate  tha t  over a wide range of p l a t e  thicknesses 

(e-g. ,  0.05 in. t o  0.16 in.)  f o r  the 2O2bT3 a l loy  equation (23) may be 

used t o  estimate crack growth rates .  

Concerning the value of h defined i n  (21) i t  should be pointed o u t  

t h a t  the  theore t ica l  value of 1 being 0.5 i s  based on, among other  

s implif icat ions,  the fact tha t  the p l a t e  i s  " thin" ,  the e l a s t i c  s t r e s s  

d i s t r i b u t i o n  i s  l i n e a r  i n  $ , the distance from the mid-plane, and a 

p l a s t i c  hinge develops ahead of the crack t ip .  However, as the p l a t e  

thickness increases, none of  these assumptions w i l l  be valid,  the 

nonl inear i ty  of the s t r e s s  d i s t r ibu t ion  i n  & w i l l  become more s i g n i f i c a t  

anci i n  l i m i t  the s t r e s s  s t a t e  w i l l  a p r o a c h  tha t  o f  plane s t r a in .  Hence, 

i t  would be expected tha t  the value of 

increasing p l a t e  - thickness. On the other hand f o r  r e l a t ive ly  th in  

p l a t e s ,  t h i s  var ia t ion  i n  2 i s  somewhat compensated by the f a c t  t ha t  

3 w i l l  increase with the 
* 

as a r e s u l t  of the p l a s t i c  hinge never f u l l y  developing the theoret ical  

value of 'h f o r  " tnin"  p l a t e s  would be ac tua l ly  l e s s  than 0.5. 

I n  order t o  study the e f fec t  of non zero values of p f o r  cy l indr ica l  

bending, two 0.05 inch thick 2 O 2 b T 3  a lc lad  specimens were run a t  @ = 1. 

* I n  plane s t r a i n  the p l a s t i c  zone s ize  i s  appoximately one half  of tha t  
f o r  p lane s t r e s s ;  thus f o r  t h i s  case the value of 2 would be 
approximately I/ 7/2; 
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&l % 
The values of B(l + !3) 

a re  given i n  Table I. Since i t  is  s t i l l  convenient t o  be able t o  estimate 

, 2(al + a2) and B ( l  + f3) f o r  2(al + a,) = 4 

crack growth ra tes  due t o  bending loads which produce nonzero values of 

fl f rom already ex is t ing  t ens i l e  data,  a coqa r i son  w i l l  be made based 

found i n  Table I1 an equation of the form 

-21 - =  da 8.7 x 10 (1 + AKI4 
dn 

can be wr i t ten  f o r  the 2O2bT3 material. I f  the theore t ica l  value o f  

A K and 0 is s e t  equal t o  1, equation (24) i\ = (0.5) i s  applied t o  

becomes 

* = 2.16 x 
dn A I$,)4 

% A s  seen from Table I the value of B ( l  + p) 

i s  3.02 x 

f o r  B = 1 and 2(al + a,) 
Thus there i s  sa t i s f ac to ry  agreement between the proposed 

model and the experimental values. However, since only one non zero value 

of p w a s  used, t h i s  r e su l t  must be viewed with caution. 

I t  should be noted although some of the bending data  does not 

meet the limitation of n- 1- ~n 11 LL-L CL- Tol..nn 
U l l G  V U L U U Y  cf t h e  ccrrelatico 

IU Y \ V . r  U1lQU 

coef f ic ien ts ,  r , indicate  tha t  the functional form of the model is 

s t i l l  acceptable as a means of correlat ing crack growth data. 

5) ~ o n c l u s i o n s  

i. 

i s  being evaluated by f i t t i n g  a s t ra ight  l i n e  t o  the data, l i nea r  

I n  any study of crack propagation where a model of crack Fropagation 

regression theory should be prefered over the rel iance on a s t r a igh t  

edge-human eye combination i f  one desires  t o  accurately know the 

s lope  o f  the  best  f i t  l ine.  



I .  

I 
I .  18 

ii. For the data  given by Broek and Schijve an expression o f  the form 

m2y be used very s a t i s f a c t o r i l y  i f  2(a  + a ) i s  taken as the average 
1 2  

value of the 2(al + a,) values. This  form i s  eas ie r  t o  use than the 

one proDosed by Broek and Scliijve since 

r e p e s e n t a t i v e  parameters i n  describing the e f f ec t  o f  the  applied load 

and planar  geometry on the s t r e s s  f i e l d  near the crack t i p  f o r  small 

A IC and 8 a r e  the most  

s cale yielding. 

iii. For cy l indr ica l  bending a quick estimate of crack propagation ra tes  

may be made where other data  is  lacking by using da ta  f o r  plane extension. 

This i s  done by modifying A K i n  the above equation by a f a c t o r  

A = 0.5 o r  

where B, 2al and 2(al + a2) a re  obtained from the plane extension data. 
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